cell number. The effect of chico mutations on cell size and cell growth is strictly cell autonomous. In addition to its overall effect on growth, CHICO also controls cellular metabolism; even though chico flies are only half the size of normal flies, they show an almost 2-fold increase in lipid levels as compared with their heterozygous siblings. These results provide evidence for a cell-autonomous requirement of the INR signaling pathway in the control of cell size and overall growth.
Results

CHICO Controls Body Size
In a search for mutations causing a reduction in body size, we identified a P element-induced mutation, fs(2)4 1 , that had been described previously as a female sterile mutation (Berg and Spradling, 1991). Since homozygous fs(2)4 1 animals are severely reduced in body size, we renamed the mutation chico, which means small boy in Spanish. Homozygosity for chico causes semilethality and an overall delay in development. Homozygous chico flies eclose 2-3 days after their heterozygous siblings. Under noncrowded culture conditions, homozygous chico mutant females can produce few viable progeny lacking both maternal and zygotic chico function. To quantitate size differences in various mutants, we determined the weight of individual flies ( Figure 1B) . Flies homozygous for the P element (chico 1 ) or the synthetic chico deletion (chico 2 ) have a drastic weight reduction (by 65% in females and 55% in males) compared with wild-type control flies of the same age. Body size reduction is observed at all developmental stages but does not alter the overall proportions of the flies ( Figure 1A ). ing their density provides a direct measure of cell number and cell size in the wing. As shown in Table 1 , the 40% reduction in the size of chico mutant wings is forward scatter of homozygous chico cells compared caused by a reduction in both cell number and cell size.
with heterozygous cells indicates that the size of chico Reduction in cell number accounts for 68% of the total imaginal disc cells is also reduced. reduction in wing size. The remaining 32% of the reduction in wing size is due to a reduction in the average size of mutant cells. Similar results were obtained for chico Encodes a Homolog of Vertebrate IRS1-4 The insertion site of the P element in chico 1 was mapped the eye. We have observed that in homozygous mutant chico flies, ommatidial number is reduced by approxi-1.5 kb downstream of the bsk gene ( Figure 3A ). Isolation and analysis of partial cDNA clones, a full-length EST mately 40%: homozygous chico flies have only about 480 ommatidia per eye (Table 2) , whereas wild-type flies clone, and the corresponding genomic sequence flanking the P element insertion indicated that the chico gene have approximately 780 ommatidia per eye. Therefore, loss of chico function reduces body size by means of consists of a single transcription unit of 3.6 kb with nine exons. The P element insertion is located 80 bp reducing cell number and cell size.
To test whether the reduction in the size of chico downstream of the putative translation initiation site in the PH domain (see below). The open reading frame mutant cells is also observed during larval stages, we dissociated third instar wing discs of larvae homozycodes for a protein product of 967 amino acids with a calculated molecular weight of 97 kDa. The CHICO gous or heterozygous for chico and determined the relative cell size of the two cell populations by FACS analysis amino acid sequence exhibits the strongest similarity with members of a family of vertebrate insulin receptor (Figure 2) . A 10%-14% reduction in the mean of the Figure 1B) . is confined to the N-terminal region including the PH domain and the PTB domain. The amino acid identity
The mutant phenotype of both alleles is fully rescued by an 8 kb genomic rescue construct encompassing the is 41% in the PH domain and 38% in the PTB domain ( Figures 3B and 3C ). Although there is no significant chico transcription unit and its endogenous regulatory sequences ( Figure 3A) . Therefore, the reduction in body overall homology within the C-terminal domain, the detected. This is most likely due to the fact that small mutant clones encompass only a few ommatidia and escape detection. Second, when a nonpigmented mu-CHICO Autonomously Controls Head Size To test whether chico affects the size of organs and tant clone is detected, the clone is variable in size and often significantly smaller than the wild-type sister body parts autonomously, we selectively removed chico function in the eye imaginal disc using the ey-FLP techclone. Third, there are regional differences in the frequency of mutant clones: clones are more frequently nique (B. Dickson, unpublished results). The eye imaginal disc gives rise to the compound eye and the head observed in the anterior half of the eye around the equator. The equator defines a line of dorsoventral mirror capsule but not to the proboscis. In embryos heterozygous for chico, mitotic recombination was selectively image symmetry in the orientation of the ommatidial units. It appears that mutant cells have a better chance induced in the eye progenitor cells by using an FLP recombinase driven by the eyeless enhancer (Quiring et to grow or survive in the center of the eye than on its periphery. The behavior of chico mutant clones is similar al., 1994). Owing to the presence of a recessive mutation affecting cell survival on the chico ϩ chromosome, chico to that of M mutant clones and has been described trol by reducing cell number, we analyzed discs containing either chico mutant clones or wild-type control We went on to test whether the reduced size of chico mutant clones observed in the adult is due to a growth clones by terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling (TUNEL). We did not dedisadvantage or to impaired cell survival during the final stages of differentiation by examining mutant clones in tect a significant difference in occurrence of apoptotic cells between wild-type and mutant clones (data not the eye and wing imaginal discs. Figure 5 shows eye imaginal discs containing chico mutant or wild-type conshown). Since chico mutant clones are rather small, we also induced mutant clones in a Minute background. trol clones, marked by the absence of the green armlacZ staining, and their intensely bright green staining Even though such clones were greatly enlarged due to their growth advantage, they also did not reveal entwin spots. As seen in the adult, the mutant clones are smaller than their twin spots and are variable in size.
hanced apoptosis compared with wild-type control clones in a Minute background ( Figures 5C and 5D ). 
CHICO Controls Lipid Levels
